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ABSTRACT 

SAFT  will  present  an  update  of  its  state-of-the  art  Very 
High  Power  (VHP)  Lithium-ion  (Li-ion)  technology.  The 
VHP  cells  are  currently  being  qualified  for  use  in  military 
aircraft  applications  as  well  as  in  future  military  hybrid 
vehicles.  Additionally,  their  use  in  Directed  Energy 
Weapon  (DEW)  systems  is  also  being  explored. 

INTRODUCTION 

In  the  1990s  SONY  introduced  Li-ion  electrochemistry 
and  ever  since  that  time  this  young  technology  has 
changed  the  world  of  batteries.  It  established  itself  as 
the  premier  high  energy  system  of  choice  for  all  portable 
electronics  devices.  Li-ion  cells  are  found  today  In  every 
laptop  computer  and  almost  every  mobile  phone  and 
handheld  communication  device  sold  across  the  world. 

More  recently  Li-ion  electrochemistry  has  taken  on  new 
challenges.  The  technology  is  being  developed  for 
employment  as  power  source  for  hybrid  electric  vehicles 
(HEV),  power  tools,  telecomm  back  up  power,  etc.. 
SAFT  has  been  among  the  pioneers  in  expanding  the 
capabilities  of  this  new  system.  In  1995  through  work 
sponsored  by  the  Department  of  Energy  under  the 
Partnership  for  a  New  Generation  of  Vehicle  (PNGV),  the 
SAFT  facility  located  in  Cockeysville,  Maryland  started 
developing  the  power  capability  of  the  Li-ion  system. 
SAFT  utilized  a  number  of  technical  innovations  to 
successfully  develop  high  power  Li-ion  technology 
capable  of  meeting  the  requirements  of  HEVs  [1].  In 
early  2002  SAFT  further  established  its  leadership 
position  in  the  area  of  high  power  Li-Ion  through 
designing  the  technology  for  pulse  power  applications. 
This  work  was  initiated  under  DARPA  contract  [2]  and 
the  effort  continued  subsequently  under  funding  from  the 
US  Air  Force.  SAFT  is  currently  working  on  further 
improvement  of  VHP  technology  for  use  in  aircraft  and 
DEW  applications. 


CURRENT  STATUS  OF  SAFT  VHP 
TECHNOLOGY 

VHP  technology  found  its  first  practical  application  as  the 
system  of  choice  for  the  270V  battery  in  an  advanced 
fighter  aircraft.  Under  qualification  at  SAFT  is  a  battery 
consisting  of  VL4V  cells  in  series.  These  cells  represent 
the  industrially  mature  version  of  the  VHP  state-of-the  art 
production  technology.  This  VL4V's  excellent  low 
temperature  performance  enables  the  operation  of  a 
battery  meeting  the  demanding  requirements  of  the 
aircraft  application.  The  technology  is  capable  of 
delivering  high  power  pulses  at  very  low  temperature  (- 
40  °C)  over  the  lifetime  of  the  cell  even  after  excursions 
to  high  temperature  (72  °C). 

SAFT  has  three  different  cell  sizes  available  with  the 
VHP  technology  in  them.  VL4V  is  the  smallest  cell  and 
although  it  was  developed  for  aircraft  use  it  is  also  the 
test  vehicle  for  innovations  for  the  technology.  VL12V 
was  developed  specifically  for  a  military  hybrid  vehicle 
and  it  is  essentially  twice  as  large  as  the  VL4V  cell. 
VL8V  is  an  intermediate  cell.  Its  targeted  use  is  in 
several  specific  DEW  prototype  systems.  The  cells 
employ  very  much  the  same  electrochemistry  as  they  are 
simply  a  scale  up  of  the  power  and  energy.  Figure  1  is  a 
photo  of  the  three  VHP  cells. 


Figure  1 :  Photo  of  SAFT  family  of  VHP  cells. 
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Figure  2  shows  the  discharge  voltage  curves  of  the 
standard  VL4V  ceil  under  different  constant  current 
discharges  at  25,  0  and  -20  °C. 


Figure  2:  Constant  current  discharge  of  VL4V  at 
different  temperatures 


TABLE  1 :  SAFT  Very  High  Power  cells 


VL4V 

VL8V 

VL12V 

Capacity,  Ah 

6 

8.5 

12.5 

Energy,  Wh 

22 

31 

45.5 

Power  {100%  SOC), 
W 

200  milliseconds 

3800 

5650 

N/A 

2  seconds 

2500 

3800 

5500* 

15  seconds 

2000 

3000 

4000* 

Weight,  grams 

320 

470 

600 

Diameter,  mm 

34 

41 

47 

Length,  mm 

156 

156 

156 

*  VL12V  cell  is  not  comp 

etely  evaluated  yet 

Developing  good  low  temperature  performance  is  done 
by  designing  the  electrode  morphology  and  tailoring  the 
electrolyte  for  the  specific  need.  As  a  rule  an  electrolyte 
good  for  low  temperature  suffers  serious  deficiencies  at 
elevated  temperatures.  SAFT  has  a  patented  electrolyte 
system,  which  in  addition  to  the  excellent  low 
temperature  performance,  shown  in  Figure  2,  is  capable 
of  operating  at  high  temperature  as  well.  Exposure  to 
high  temperature  has  a  detrimental  effect  on  cell 
calendar  and  cycle  life  and  typically  use  at  temperatures 
greater  than  60  °C  is  not  recommended.  However,  in 
certain  applications  like  military  HEV  the  battery  could 
experience  extreme  temperatures  due  to  operating 
conditions.  Figure  3  shows  cycling  of  a  standard  VL4V 
cell  at  80  °C.  The  cell  is  identical  to  the  one  used  in  the 
tests  shown  in  Figure  2.  Cycling  was  done  at  1C  charge 
and  discharge  rate  with  a  cut  off  of  2.5V. 


Figure  3:  Cycling  of  VL4V  at  80  °C 


TABLE  1  summarizes  the  physical  and  performance 
properties  of  the  VHP  cells  currently  offered  by  SAFT.  In 
general  the  technology  is  capable  of  8kW/kg  in  2-second 
pulses  as  well  as  12kW/kg  on  millisecond  long  pulses. 
This  power  performance  is  superior  to  performance  of 
super-capacitors  and  is  provided  at  fairly  high  energy 
content.  The  specific  energy  of  the  VHP  cells  is  around 
65  Wh/kg.  Around  70%  of  this  energy  is  available  at  the 
very  high  power  level;  the  rest  is  also  usable  but  at  lower 
rates  (<10C), 


Under  the  USAF  program  SAFT  focused  its  development 
efforts  in  two  main  areas.  These  are  improvement  of 
mechanical  bussing  and  further  optimization  of  the 
electrochemistry.  The  goals  encompass  maximizing  of 
specific  power,  increase  of  cycle  life  under  heavy  load 
conditions  as  well  as  minimizing  the  heat  generation. 
These  goals  are  not  mutually  exclusive  and  often 
improving  on  one  benefits  the  other. 

It  has  been  experimentally  determined  that  the  main 
source  of  heat  generation  in  SAFT  cylindrical  cells  is  not 
electrochemical.  The  bussing  of  both  the  positive  and 
negative  terminals  is  predominantly  responsible  for  l2R 
heating.  Therefore  it  was  logical  to  expect  that 
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optimizing  the  celi  interconnectivity  would  benefit  both 
power  and  the  need  for  thermal  management.  Testing 
was  performed  to  identify  impedance  bottle  necks  and 
direct  development  efforts.  A  standard  VL4V  cell  (used 
in  the  fighter  270V  battery)  was  subjected  to  a  10  second 
500A  constant  current  discharge.  Temperature  was 
monitored  for  15  minutes  after  the  test  on  seven 
locations  along  the  celi.  It  is  important  to  note  that  the 
cell  is  can  negative  (the  can  is  electrical  iy  and  thermally 
connected  to  the  negative  electrode).  Figure  4  shows 
the  temperature  rise  on  the  standard  VL4V  cells.  The 
position  of  the  7  thermocouples  on  the  cells  is  indicated 
on  the  charts. 


Figure  4:  Temperature  measured  on  standard  VL4V  cell 
during  and  after  10  seconds  discharge  at  500A. 


The  results  strongly  indicate  that  most  of  the  heat  is 
generated  in  the  positive  terminal  bussing  of  the  cell. 
The  second  highest  temperature  is  measured  right  next 
to  the  positive  terminal  with  some  lag  in  time.  As  a  result 
SAFT  focused  its  effort  on  the  positive  end  of  the  cell. 
Design  changes  were  first  tried  on  VL4V  cell  containing 
standard  electrochemistry.  A  new  mechanical  feed 
through  was  implemented,  which  improved  the 
impedance  of  the  bussing  and  the  celi.  The  AC 
impedance  of  the  VL4V  cell,  measured  through  the 
1000Hz  method,  was  reduced  by  about  35%.  Figure  5 
shows  a  photo  of  the  redesigned  VL4V  ceil. 


Figure  6:  Temperature  measured  on  improved  VL4V 
cell  having  the  new  bussing. 

Although  the  new  bussing  reduced  the  maximum 
discharge  temperature  significantly  it  is  apparent  that 
there  is  more  room  for  improvement.  The  positive 
terminal  still  remains  the  hottest  point  Design 
optimization  of  the  VL4V  celi  to  further  reduce  rR 
heating  and  increase  manufacturability  is  ongoing.  SAFT 
is  also  working  on  redesign  of  the  negative  terminal  to 
optimize  high  rate  charging. 

As  a  result  of  this  successful  first  effort,  the  new  VL12V 
cell  was  designed  with  the  improved  high  power  bussing. 
The  cell  benefits  from  the  improved  bussing  from  the 
very  beginning  enabling  very  high  currents  rate.  Since 
the  cell  coniains  the  same  electrochemistry  its  power 
capabilities  are  excellent  over  a  wide  temperature  range. 
Figure  7  shows  the  behavior  of  the  cell  during  18 
seconds  long  200A  constant  current  pulses  at  different 
temperatures.  The  test  is  done  at  100%  state  of  charge. 
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Figure  7:  Pulse  power  of  the  VL12V  cell  at  different 
temperature  at  100%  SOC. 


Figure  5:  New  mechanical  feed  through  for  VL4V  cell 

A  group  of  cells  was  built  and  tested.  A  celi  from  the 
group  was  subjected  to  the  same  500A  constant  current 
pulse  and  temperature  was  measured  the  same  way. 
Figure  6  shows  the  outcome  of  the  test  confirming  that 
the  change  had  a  beneficial  effect  on  heat  generation. 


The  same  test  was  performed  at  50%  SOC.  Figure  8 
shows  the  performance  of  a  VL12V  cell  under  these  test 
conditions. 

This  improvement  enables  cycling  to  be  performed  at 
high  rate  with  minimum  cooling  required.  The  Li-ion 
couple  can  tolerate  high  temperature  up  to  65  °C  without 
any  detrimental  effects  to  life  and  performance.  As 
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shown  in  Figure  3  operating  temperatures  between  65 
and  90  °C  are  only  harmful  for  the  remaining  life  of  the 
chemistry  but  do  not  represent  a  safety  hazard. 
Operation  at  90  °C  and  above  carries  the  risk  of  pushing 
the  system  into  thermal  runway. 
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Figure  8:  Pulse  power  of  the  VL12V  cell  at  different 
temperature  at  50%  SOC. 
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determined  by  the  inability  of  the  power  system  to  meet 
voltage  regulations.  The  loaded  voltage  of  the  battery 
during  charge  and  discharge  is  dependent  on  the  charge 
and  discharge  impedance.  With  use  the  battery 
impedance  increases  and  the  actual  conformance  to  the 
specified  voltage  window  can  be  calculated. 
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Figure  10:  Energy  and  capacity  change. 
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SAFT  has  been  testing  its  VHP  technology  under  several 
use  profiles  [3].  in  the  case  of  a  simulated  Airborne 
Active  Denial  System  (AADS)  the  battery  operates  in 
hybrid  mode  in  parallel  with  a  High  Temperature  Super- 
Conducting  (HTSC)  generator.  Testing  at  SAFT  was 
performed  on  a  VL4V  cell  containing  the  improved 
bussing  using  350A  during  discharge  {1 5  seconds)  and 
155A  for  the  recharge  {34  seconds).  The  cell  cycles 
about  25%  of  its  capacity  in  and  out.  All  cycling  is 
performed  around  3.7V  ceil  voltage. 


CONCLUSION 

SAFT  VHP  technology  provides  a  long  lasting  lightweight 
high  power  source  for  a  variety  of  military  applications 
like  aircraft,  military  HEV,  etc.  With  its  extreme  power 
capabilities  the  technology  will  be  also  capable  of 
supporting  emerging  DEW  technologies. 
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DEFINITIONS,  ACRONYMS,  ABBREVIATIONS 

DEW:  Directed  Energy  Weapon 

HEV:  Hybrid  Electric  Vehicle 

lzR:  Current  squared  multiplied  by  resistance 

Li-ion:  Lithium-ion 

SOC:  State  of  Charge 

VHP:  Very  High  Power 


The  VL4V  cell  cycled  for  22,000  cycles,  Figure  10,  and 
then  it  was  stopped.  Since  only  25%  of  the  energy  is 
used  in  each  cycle  the  actual  end  of  life  would  be 
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